The goal of this research is to develop a predictive capability for the upper ocean circulation and atmospheric interactions using numerical models.
RESULTS
The Yellow Sea Warm Current was shown to be present throughout the year, reaching its furthest northward extension in winter (c.f. Fig. 1 ). Sensitivity tests and spectrum analyses show that winds modify the pathway and extent of the Yellow Sea Warm Current. The current's origin, however, appears to be due to external forcing from the current systems developed in the East China Sea.
The North Hawaiian Ridge Current (NHRC, see Fig. 2 ) was shown to be a robust surface trapped feature of the mean flow in the central Pacific Ocean. The NHRC manifested from a northern branch of the North Equatorial Current (NEC). The NHRC was found to begin at the bifurcation point of the northern branch of the NEC, leaking 2.0 Sv through the Alenuihaha channel to the lee of the islands, and continuing along the Hawaiian Island chain until it reaches Kauai. The NHRC width scale was consistent with that of an inertial boundary layer. The effects of Ekman pumping/suction, vertical mixing, and the meridional overturning cell on the mean flow were negligible. We found abyssal currents steer upper ocean currents resulting in a northward migration of the bifurcation and enhanced transport north of Hawaii. However, the upper ocean-topographic coupling is not evident in the upper layer currents.
We have developed a coupled flux and sea state model that can utilize any one of several wave characteristics to specify the sea state. The input sea state can be specified through wave age, phase speed of the dominant waves, period of the dominant waves, significant wave height, and significant slope (ratio of significant wave height to the wavelength of the dominant waves). Period and significant wave heights are recorded on an increasing number of National Buoy Data Center (NBDC) buoys, and significant wave height is routinely observed with altimeters. These observations, coupled with wind speed, allow us to determine fluxes without arbitrarily specified sea states. The neutral drag coefficient CD10N (Fig. 3) is shown as a function of wind speed and significant wave height. Note the consistency with the observations that CD decreases as wave height increases (for a fixed wind speed) [Willard Pierson, personal communication, 1998 ].
A 50-year propagating oscillation and 15-year rotating pattern are found in the North Atlantic sea surface temperature anomaly (SST). COADS SST anomaly fields over much of the North Atlantic are investigated using propagating Complex Empirical Orthogonal Functions (CEOFs) during the period of 1947 to 1992. The first mode (58% of the variance) is a northward propagating feature and the second and third modes combined (about 30% of the variance) is a cyclonically rotating feature within the sub-polar gyre.
IMPACTS
Much of this successful project was conducted as a cooperative effort between Naval and academic personnel. Naval operations can use this information to better understand the local environment, enhancing countermine measures and deployment.
RELATIONSHIP TO OTHER PROJECTS
COAPS manages an ONR Minority Program that currently places 10-15 minority undergraduate science students in a laboratory-type work position with a mentoring professor. The goal is to convince these students to do graduate studies. Without the basic Secretary of Navy Grant, the ONR Minority Program would not have the infrastructure for the administration.
NSF supports the World Ocean Circulation Experiment Data Assembly Center and Special Analysis Center (WOCE DAC/SAC) for surface meteorology and surface fluxes. This center archives surface meteorological observations from international research vessels as well as develops and validates highquality surface flux fields, e.g. our tropical Pacific Ocean wind products for El Nino forecasts.
NASA, through a science grant from NASA Headquarters and the NASA Scatterometer Project at JPL, provides support for basic science in utilizing scatterometer data to drive ocean models. 
